Two minor triterpene saponins, one previously not reported, were isolated from the underground parts of Lysimachia thyrsiflora L. The structures were determined based on a combination of one-and two-dimensional NMR techniques, and mass spectrometry, as 30
Lysimachia L. is a genus of over hundred species, both wild and cultivated in Europe and Asia. Many of them have been used in traditional folk medicine for their anticholecystitic, anthelminthic, and antihypertensive properties. Pentacyclic triterpene glycosides are the most characteristic constituents within this genus, and generally have oleanane-derived sapogenols of two structural types: I. 13β,28-epoxy and II. Δ 12 -17-CH 2 OH. Compounds of type I, with a completely saturated pentacyclic skeleton, are fairly uncommon and are found almost exclusively in the families Myrsinaceae and Primulaceae [1] . Although the genus Lysimachia is traditionally classified in Primulaceae, some recent phylogenetic data suggest its relocation to the family Myrsinaceae [2] . L. thyrsiflora L. (tufted loosestrife) is among five representatives of this genus reported in Poland. In addition to flavonoids, ecdysteroids and benzoquinones, the plant contains triterpene saponins. While triand tetrasaccharides of priverogenin A were reported in the aerial parts [3, 4] , in our own previous investigations of L. thyrsiflora we isolated cyclaminorin (1), ardisicrispin A (2), and ardisicrenoside B (3) from the underground parts [5, 6] . These compounds exhibited interesting biological activities, such as the uterocontractile activity of 1 and 2 [7, 8] , cytotoxicity of 2 towards human cancer cell lines [9, 10] , and antifungal activity of 1 against Candida yeasts [7] .
As part of our continuing phytochemical investigations of the Lysimachia genus, in this paper we report the isolation and structure elucidation of two additional triterpene saponins, 30-O-β-D-glucopyranosyl-3β,16α,30-trihydroxy-olean-12-en-28-yl acetate 3-O-β-D-glucopyranosyl-(1→4)-O-[β-D-glucopyranosyl-(1→2)-]-O-α-L-arabinopyranoside (4) and davuricoside L (5) from the underground parts of L. thyrsiflora. Of these, 4 is a new compound and both were isolated for the first time from this species. Furthermore, an UPLC-ESI-MS/MS method was developed and validated for the quantitative determination of 4 and 5, along with other triterpene glycosides (1) (2) (3) in this plant species. In the context of biological activity of Lysimachia saponins, our present work has also focused on the screening of isolated compounds against human tumor and normal cell lines, as well as fungal strains, to establish potential structure-activity correlations.
A combination of repetitive open column and preparative silica gel chromatography of the MeOH extract of the underground parts of L. thyrsiflora yielded compounds 4 and 5 (Figure 1 ). The IR spectrum, apart from absorption bands due to the presence of hydroxyl groups (3333 cm -1 ), showed a significant absorption peak at 1737 cm -1 (ester). The 13 C NMR spectrum displayed 55 carbons, of which 30 were assigned to the aglycone part, 23 to the oligosaccharide moiety, and the remaining 2 to an acetyl group (Tables 1 and 2 The location of the acetyl group was established at C-28 from the long-range HMBC coupling between H-28 (δ H 3.68, 3.91) and C-1 of the acetyl (δ C 173.2). From the above evidence, the aglycone of compound 4 was identified as 3β,16α,30-trihydroxy-olean-12-en-28-yl acetate.
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The downfield shifts of C-3 (δ C 91.4) and C-30 (δ C 76.0) suggested that compound 4 was a bidesmosidic saponin. The sugar residues were determined to be L-arabinose and D-glucose after acid hydrolysis followed by derivatization [12] . In the 1 Table 2 ). The remaining proton resonances within each sugar unit were established by TOCSY, DQF-COSY, and ROESY experiments. HSQC was used to assign the respective carbons. All monosaccharides were determined to be in the pyranose forms by 13 C NMR evidence [13] . From the relatively large H-1 coupling constants (~ 7.7 Hz) it was clear that the anomeric hydroxyls of all three glucose moieties should have a β-configuration. The value of the J 1,2 coupling constant for the anomeric proton of arabinose (5.5 Hz), which was reported not to be diagnostic on its own, together with NOE connectivities between H-1 ara , H-3 ara and H-5 ara [14] indicated an αorientation of this sugar unit. Sequencing and points of attachment in the oligosaccharidic chains were deduced from HMBC experiment and 13 C shift differences between individual sugar residues and model compounds [13] . For the trisaccharide side chain at C-3 the following key-correlation peaks were observed in the HMBC spectrum ( 
This is the first known report of compound 4, which was named thyrsiloside A. MS, IR and NMR data comparison of compound 4 with 5, indicated that 5 lacks an acetyl group. Thus, it was identified as davuricoside L, which has been previously reported in L. davurica [15] .
The developed UPLC-ESI-MS/MS method was optimized for negative-ion mode, which is less dependent on the specific conditions of analysis. The chromatographic profile obtained by MRM analysis exhibited all the peaks corresponding to the compounds under investigation ( Table 3) . Two transitions per compound were used. For saponins 1, 4 and 5, one transition was the loss of formate from the formate adduct. For 5, the second transition was the additional loss of CH 3 OH from one of the terminal sugar moieties. In the case of compound 4, the second transition was deacetylation leading to 5. In the case of saponins 2 and 3, the first transition was the loss of the xylopyranose moiety, and the second was the loss of the β-D-xylopyranosyl-(1→2)-β-Dglucopyranose fragment. The calibration curve was constructed by plotting the peak area (y) versus concentration (x) by analyzing a set of 15 external standard (α-hederin) solutions. Linearity of response was confirmed in the range 0.1164 -1.50 μg/mL (y-intercept of the linear equation was statistically significant p<0.005; for details see Table 4 ). After preliminary estimation of saponin concentrations in the analyzed material, appropriate dilution levels were selected and used. In order to quantify the saponin content, six biological samples, obtained from six individual plants were analyzed in triplicate. Table 5 reports the quantitative analysis results. The major constituents were triterpene saponins of the 13,28-epoxyoleanane type (98.7%), compound 1 being the most abundant. The plant samples were collected from the same stand and so were fairly homogenous in terms of similarity due to the effect of growth conditions. To reflect plant-to-plant physiological differences, which are attributed to variations in their microenvironments or developmental stage, biological variability was quantified. The average coefficient of variation in L. thyrsiflora roots was 23%, and this value is similar to those obtained for other saponin accumulating plant species [16] . The RSD is also indicative of the effect of the several steps involved in the extraction/purification process, and is comparable with other studies [17] .
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Validation data showed good precision and intermediate precision, with a % RSD less than 8%. ANOVA test showed no statistically significant differences between different days (p>0.23). In all the deliberately varied chromatographic conditions (flow rate, column temperature, mobile phase composition), the examined saponosides were adequately resolved, and the order of elution remained unchanged. Cytotoxicity of compounds 4 and 5 was evaluated on human cancer cell lines differing in metastatic potential: melanoma BLM and A375, prostate cancer cell DU-145 and PC-3, and glioblastoma astrocytoma (U375), and normal cells of respective origin: skin fibroblasts (HSF) and prostate cells (PNT2). The results obtained (see details in Supplementary Data) showed that for both compounds EC 50 values were approximately 30 µg/mL. PC-3 proliferation was inhibited after 48 h at GI 50 24 and 20 µg/mL, respectively. Compared with the reference drug, mitoxantrone, this activity was not significant. Our previous experiments proved that compounds bearing the 13β,28-epoxy bridge are much more potent against the cell lines mentioned above [6] . Disc diffusion assay for antifungal activity revealed no significant effect at the concentrations tested. [5, 6] , was used to develop the UPLC-MS method, to optimize chromatographic conditions, and for the specificity and system suitability tests.
Experimental

General experimental procedures:
Extraction and isolation:
The dried and powdered plant material (940 g) was extracted with CHCl 3 (3 times) and then exhaustively with MeOH containing 0.5% pyridine at 40ºC. The combined MeOH extract was concentrated in vacuo, to yield a viscous residue (120 g), which was then partitioned between n-BuOH and water. [12] . Compounds 4 and 5 (5 mg) were dissolved in 1.0 mL of a mixture of 4 M HCl in dioxane and water (1:1; v/v) and heated at 95ºC for 3 h. The sapogenins were extracted with EtOAc (3 x 3.0 mL) and the acid aqueous phases were neutralized with 2M ammonium hydride and concentrated under vacuum. After drying over P 2 O 5 for 48 h, the residues were dissolved in anhydrous pyridine (1.0 mL) in oven-dried screw-capped vials purged with argon. Then, L-cysteine methyl ester hydrochloride (5 mg) was added, the vials were again purged with argon, and the mixtures were allowed to react at 60ºC for 1 h. Next, 5 µL of o-tolylisothiocyanate was added and the reaction mixtures were heated at 60ºC for an additional 1 h. Samples were directly analyzed by HPLC and the peaks were detected at 14.09 min and 14.9 min for monosaccharide derivatives of 4, and at 14.1 min and 15.0 min for monosaccharide derivatives of 5. The retention times were compared with authentic sugars derivatized according to the same procedure: D-glucose (14.1 min), L-arabinose (14.9 min). 
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Semiquantitative UPLC-ESI-MS/MS analysis: Preparation of standard solutions:
Chloramphenicol (10 mg), as internal standard, was placed in a volumetric and the volume brought to 10 mL using MeOH. One mL of this solution was subsequently diluted to make a 100 μg/mL stock solution. α-Hederin (1 mg), as external standard, was added to a volumetric flask and the volume brought to 10 mL with MeOH to make a 100 μg/mL solution. One mL of this solution was subsequently diluted to make a 10 μg/mL stock solution. These solutions were stored at -10ºC.
Preparation of calibration samples:
To 10 μL of chloramphenicol internal standard stock solution 0 -150 μL of α-hederin reference stock solution was added and diluted with water to 1 mL making calibration samples with a concentration of chloramphenicol of 1 μg/mL and of α-hederin in the range from 0 -1.5 μg/mL. (Table 3 ). Nitrogen was used as both nebulizing and drying gas, and argon as collision gas. Saponosides were analyzed using the MRM (Multiple Reaction Monitoring) method. All analytical data were processed using MassLynx V4.1 software (Waters Corporation, Milford, MA, USA).
Plant samples preparation:
Method validation:
The described method was validated for the determination of α-hederin and the mixture of saponins 1-5 by the UPLC method according to the ICH guidelines [18] . Specificity:
The solution containing all investigated saponosides (mixture) was analyzed. System suitability: The system suitability parameters were defined with respect to peak resolution of examined compounds, using a mixture of 1-5. Linearity: The linearity for αhederin was assessed by injecting 15 separately prepared solutions covering the range of 0.10 -1.50 μg/mL. The slope of the weighted regression line (weight 1/x), y-intercept, standard deviations of slope and intercept, correlation coefficient, R 2 value and standard error of residuals of the calibration curve were calculated. Next, to determine whether the residuals have normal distribution, the Shapiro-Wilk statistical test was used. Limit of detection (LOD) and limit of quantification (LOQ): Based on the standard error of residuals (Se) and the slope (a) of the calibration plots and following the formula LOD= 3.3Se/a and LOQ= 10Se/a, the LOD and LOQ for α-hederin were estimated. Precision: The repeatability of the method was checked by a six-fold analysis of the concentration level at 0.7 μg/mL of α-hederin solution. The same protocol was followed for 3 different days to study the intermediate precision of the proposed method. The RSD (%) of the peak area of α-hederin was calculated. Statistical significance of interday differences was tested with ANOVA. Robustness: To demonstrate the robustness of the method deliberate small changes of flow rate, content of acetonitrile and column temperature were made around the optimal values. The mobile phase flow rate was 0.30 mL/min; to study the effect of the flow rate on resolution, the flow rate was changed to 0.27 and 0.33 mL/min. The effect of the column temperature was studied at 36ºC and 44ºC (instead of 40ºC), and the mobile phase composition was changed +5% from the initial composition. USA. All cells were cultured in medium containing 100 i.u./mL penicillin, 10 µg/mL streptomycin, and 10 µg/mL neomycin, in standard conditions, a humidified atmosphere at 37ºC in the presence of 5% CO 2 . Cytotoxicity assay was performed as described previously [10] . In each experiment, for a positive control, mitoxantrone (Ebewe Pharma) was used, at concentrations from 0.1 to 1 µg/mL. For each value measured, 300 cells were analyzed. Each experiment was performed in triplicate. Each variable was expressed as the mean (± SD). The statistical significance was determined using either the Student's t-test or the non-parametric Mann-Whithey U-test, with p < 0.05 considered to indicate significant differences.
Anti-proliferative assay:
The assay was performed on prostate cancer cells DU-145 and PC3, and on normal prostate cells PNT2, cultured at conditions described above. Cells were seeded into 24-well plates at an initial density of 7.6×10² cells per well and incubated for 24 h at 37ºC. Next, the medium was replaced with either fresh culture medium (control), or with the same medium containing different concentrations (from 0 up to 30 µg/mL) of saponosides 4 and 5. After incubation for various times (24, 48, 72 h) the medium was removed, the cells trypsynizated and the number of cells determined using a cell counter (Coulter Beckman ZS).
Antimicrobial assay:
The potential antimicrobial properties of compounds 4 and 5 were investigated by the conventional paper disc diffusion method against the following strains: Candida albicans, C. glabrata, C. krusei, C. parapsilosis, C. lusitaniae, Cryptococcus neoformans, and Trichophyton mentagrophytes. All strains were the isolates of the Department of Pharmaceutical Microbiology, Pharmaceutical Faculty, Medical College, Jagiellonian University. Sabouraud broth was used as media for all strains except C. neoformans, which was cultured in Casitone broth. Strain suspensions in 0.85% NaCl (100 µL) from 24 h incubations were applied to 9 cm Petri dishes with Sabourand agar medium. For the compounds being tested, 1 mg was dissolved in 1 mL DMSO. Five µL aliquots of these solutions were applied to paper discs and placed onto the agar plates. The solvent was used as control. The plates were incubated at 30ºC for 24 h, and the growth inhibition was assessed based on the dimensions of the lytic zones on the plates.
Supplementary data: Details on the cytotoxicity and antiproliferative assays. 1 H, 13 C, DEPT, HSQC, HMBC, ROESY, TOCSY, and COSY spectra for compound 4 and 5.
